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IntroductIon
Guazuma crinita Mart. (Malvaceae) is a native fast-growing pioneer tree species that colonizes the floodplain and disturbed secondary forests in the lowland jungle (below 1,000 m a.s.l.) in the Amazonian basin of Peru, Ecuador, and Brazil (Reynel, Pennington, Pennington, Flores and Daza, 2003) . Interest in this species has increased in the past 20 years in the Ucayali region of Peru, as it is adapted to a wide range of soils including agricultural fallows.
Guazuma crinita is an important timber tree species used in reforestation programs. The species can be planted in association with other agroforestry tree species and food crops since it has a small crown with thin branches (Rochon, Margolis and Weber, 2007) . The wood is soft, durable and easily worked, mainly used for cabinets, walls and boxes and it also has excellent properties for paneling, interior joinery, moldings and matches (Maruyama, Kinoshita, Ishii, Ohba and Saito, 1997; Reynel et al., 2003) . In recent years, it has increasingly been used in the plywood industry and in housing construction (Putzel et al., 2013) . It is used in carpentry, making small tools and lollipops sticks, toothpicks, handicrafts and sticks matches. The fibrous inner bark is used locally as cordage material (Reynel et al., 2003) . The recommended rotation age for these wood products is 6-12 years, but younger trees are often harvested, and these can be coppiced for successive harvests. The species could contribute significantly to the income of local farmers (Labarta and Weber, 1998; Putzel et al., 2013) .
The species can be grown in dense stands of up to 1200 trees/ha in young fallows (< 3 years) and up to 500 mature trees/ha (≥ 25 cm dbh) after management by smallholders intended for saw timber (Padoch et al., 2008) . In natural stands, 400 trees/ha could represent 100 cubic meters of sawnwood production (Current, Rossi, Sabogal and Nalvarte, 2008) . Clearings made to prepare land for crops are an ideal habitat for G. crinita, since the species is tolerant of flooding, it is ideal for management in seasonally flooded areas near rivers and streams (Putzel et al., 2013) . Trees begin flowering after 2-3 years and can produce millions of seeds that are dispersed by both wind and water at the beginning of the rainy season. These reproductive characteristics probably result in an extensive gene flow, which could produce high levels of genetic variation within populations and relatively low genetic differentiation among populations (Hamrick, Godt and Sherman-Broyles, 1992) . Its importance has prompted research focused on identifying the best provenances for growth and improving the management of the species.
Forest plantations with fast-growing tree species have become an important source of wood in the tropics because commercial dimensions can be attained within relatively short rotation periods Leakey et al., 2012) . Genetic variation among trees forms a portion of the genetic diversity of the species and knowledge of this variation is critical for gene conservation programs (White, Adams and Neale, 2007) . Most tree improvement programs assess variation in growth, form, adaptability and pest resistance but do not include wood traits (Zobel and Jett, 1995) . Evaluation of genetic variation in wood traits is important for applied tree improvement programs that use selection and breeding in order to improve wood production (O'Neill et al., 2001; White et al., 2007) . Wood trait variation assessment involves consideration of a number of anatomical, physical and mechanical properties. Certain wood properties are reported to be good indicators of timber properties and uses. G. crinita was chosen as a priority timber tree species by smallholders in the Peruvian Amazon (Toledo and Rincon, 1996; Sotelo-Montes and Weber, 1997 
mAterIAls And methods
Study area and wood sample preparation
The samples were obtained from a seed orchard estab- (ICRAF) from a provenance/progeny test described by Rochon et al. (2007) . Eight year after establishment, two apparently healthy trees were randomly chosen in each of the six provenances.
In total, the 12 trees were felled at 20 cm above ground level and cut with a chainsaw into three logs comprising the base, middle and top stem levels. The cut surfaces of the logs were sealed with glaze paint to maintain the moisture content. For determination of the physical properties, small clear-wood specimens were prepared from each log in the carpentry shop at the National University of Ucayali, Pucallpa, Peru. The specimens were sawn and strictly oriented in radial/tangential directions; they were cut from the pith to the outer part of the bole. Due to differences in stem diameter, it was not possible to obtain the same number of were labeled in order to identify the tree and stem level.
Measurement of physical properties
Laboratory measurements of physical properties were conducted in the laboratory of wood properties at the Amazo- 
Data evaluation
Descriptive statistics of the wood physical properties were calculated for the six provenances. Analysis of variance Note: SPG = specific gravity; MC = moisture content; BD = basic density reported as the ratio of oven dry mass to saturated volume; R = radial; T = tangential; V = volumetric; T/R = Ratio tangential/radial. Sample size = 12 trees.
(coefficient of anisotropy T/R) was 1.56. Tangential shrinkage was higher (4.98%) than radial shrinkage (3.38%). The wood physical properties with greater coefficient of variation were: coefficient of anisotropy (11%), radial shrinkage (10%) and moisture content (8%), followed by volumetric shrinkage, wood specific gravity, basic density and oven-dry density with 5%, while air-dry and green density obtained 4% and 3% of CV. Comparing the average CV for all densities within provenance, Curimana River (CR) provenance had the highest variation (6%), followed by AR (4%), TR (3.2%) and the other three provenances (2%).
With the exception of MC, all of the physical properties evaluated varied significantly (p ≤ 0.05) due to tree stem level, with the highest values found at the stem base level (Table 3) . Physical properties in the middle and top levels were statistically similar. The average coefficient of variation for all of the evaluated wood traits was higher for the middle section of the stem (17.6%) compared to the base (15.3%) and top (16.5%) sections. Note: BD =basic density, SPG = specific gravity; MC = moisture content; R = radial; T = tangential; V = volumetric. T/R = Ratio tangential/radial. Values with a different superscript letter within a row differ significantly based on the Tukey test (p ≤ 0.05).
Pearson correlations were positive and highly significant between specific gravity and density at all moisture content levels (i.e., green, air-dry and oven-dry; Table 4 ).
In contrast, MC was negatively correlated with SPG at all densities evaluated.
dIscussIon
This study is the first to assess variation in the main physical properties of the wood of G. crinita from the Peruvian Amazon. While only a small number of trees of the six provenances was sampled in this study, there were differences in means among provenances, but we did not statistically analyze the difference. Prior to our study, two tests were conducted to investigate genetic variation in growth, wood density, stem form and mortality among provenances (Rochon et al., 2007; Weber and Sotelo-Montes, 2008; Weber et al., 2011) .
The mean basic density of G. crinita wood at eight years of age in our study ( , suggesting that the variation in basic density of this species due to environment and age is not very significant. This is consistent with the fact that wood basic density is under a relatively strong genetic control (Zobel and Jett, 1995) . The values published in other reports indicate that G. crinita wood is moderately dense (~410 kg/m 3 to ~600 kg/m 3 , Sebille-Martina, 2006) . This represents an advantage, compared to denser wood because of the lower transport and transformation costs this implies. Moreover, the wood can be used to build small structures, musical instruments and interior items such as walls and cabinets (Reynel et al., 2003) .
Wood from the lower stem of G. crinita at eight years had significantly greater basic density and SPG than wood from the middle and top of the stem (Table 3) . Similar results were reported for G. crinita and Calycophyllum spruceanum Benth at younger ages Sotelo-Montes, 2005, 2008) . Greater density at the bottom of the tree might be an adaptive response to bending stress produced by wind in natural stands . In addition, this reflects a general trend since wood density is usually higher at the base because of Arostegui (1974) .
The physical properties of wood depend upon its moisture content (Pliura et al., 2005; Sebille-Martina, 2006) . Correlation between density, specific gravity and moisture content indicated that wood with higher density and specific gravity had a lower moisture content (Table   4 ). The average wood moisture content (MC) of G. crinita at eight years in this study was 70%. This was lower than the value (85.6%) reported by Rivera-Samaniego (2014) for G. crinita trees from a higher altitudinal zone (660 m a.s.l.). The MC in the base of the stem was much lower in this study than in that conducted at the higher altitudinal zone (69.7% vs 98.5%). Altitude appears to be an important source of variation in MC for G. crinita and for other species (Zobel and Jett, 1995) . This is supported by some authors who found that wood density of G. crinita is greater in drier than in more humid zones, and humid zones are represented by areas at higher altitude (Rochon et al., 2007; Weber and Sotelo-Montes, 2008) . The value found in this study indicated a relatively high amount of free water in the wood structure; the wood would therefore probably have low mechanical resistance and internal stress for drying operations (Ali et al., 2010) . Furthermore, Arostegui (1974) reported that the wood of G. crinita performed well during the drying process.
conclusIons
We found relatively high variation in wood physical properties among six G. crinita provenances from the Peruvian
Amazon. This suggests the high potential for selection of provenances with desirable wood properties for further domestication and breeding.
Guazuma crinita had moderately dense wood at eight years of age and the coefficient of anisotropy indicated that the wood was dimensionally stable. This indicates important advantages in terms of transport and transfor-mation costs and the workability of this species. The wood is recommended mainly for manufactured homes, interior furniture, ceilings and boards.
Given that our results suggest variation in wood physical properties within a limited number of tree samples, it is recommended that future studies sample a larger number of tree from each provenance and from different experimental plots in other watersheds in order to accurately identify the provenances that present the most desirable wood properties.
